Previous studies regarding the association between schizophrenia and the subsequent risk of liver cancer have shown inconsistent results. We aimed to perform a systematic review and meta-analysis to evaluate the association between schizophrenia and liver cancer incidence. We systematically searched the PubMed and Embase electronic databases for cohort studies reporting the standardized incidence ratio ( I 2 = 84%). The reduction of a subsequent incidence of liver cancer was significant in male patients with schizophrenia (SIR: 0.71, p = 0.005), and a trend of a reduced risk of liver cancer was also detected in female patients (SIR: 0.83, p = 0.12). Significant publication bias was detected. However, "trim and fill" analyses by including the imputed unpublished studies showed similar results. In summary, schizophrenia may be protective against the incidence of liver cancer.
INTRODUCTION
Schizophrenia is a serious mental disease that exposes the patient to many other clinical disorders, including cancer [1, 2] . Conventionally, patients with schizophrenia are considered to confer a higher risk for cancer incidence because many cancer-related risk factors have been found to be prevalent in these patients, such as smoking [3, 4] , alcohol dependence [5, 6] , obesity [7, 8] , lack of physical exercise [9, 10] , and an unhealthy diet [11, 12] . Accordingly, many observational studies have been performed to evaluate the potential risk of cancer incidence and mortality after the diagnosis of schizophrenia [13] . A recently published meta-analysis including [19] studies has shown that patients with schizophrenia have a significantly increased risk of cancer mortality as compared with the general population (pooled standardized mortality ratio: 1.40) [14] . However, regarding the incidence of cancer in patients with schizophrenia, the results of the previous studies are inconsistent [15] . In an early metaanalysis, Catts et al. found that the overall incidence of cancer after the diagnosis of schizophrenia was not statistically different from the general population [16] . The results of subsequent stratified analyses indicated that the
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associations between schizophrenia and various types of cancer may be different. The incidence rates of lung cancer and breast cancer were found to be significantly higher in patients with schizophrenia as compared with the general population, while the incidence rates of colorectal cancer, prostate cancer, and malignant melanoma were found to be lower [16] . These results suggest the complexity for the association between schizophrenia and cancer incidence. Of note, the potential association between schizophrenia and the risk of liver cancer was not evaluated in the previous meta-analysis due to the limited number of available studies. However, it has been well recognized that the two major risk factors for liver cancer, alcohol consumption 5 and hepatitis B or C [17, 18] , are both prevalent in patients with schizophrenia. Moreover, many cohort studies have been reported or updated [19] [20] [21] [22] [23] [24] [25] since the last meta-analysis regarding the association between schizophrenia diagnosis and cancer risk. Therefore, in this study, we aimed to perform a systematic review and metaanalysis to evaluate the incidence of liver cancer after the diagnosis of schizophrenia.
MATERIALS AND METHODS
We followed the Meta-analysis of Observational Studies in Epidemiology (MOOSE) [26] and Cochrane's Handbook [27] guidelines throughout the design, implementation, analysis, and reporting for this study.
Literature searching
The PubMed and Embase databases were systematically searched for relevant studies with the terms "schizophrenia," "schizophrenic," "psychosis," combined with "liver," "hepatic," and "cancer," "tumor," "neoplasm," or "carcinoma." The search results were limited to studies in humans and published in the English language. We also manually screened the reference lists of the original and review articles. The final literature search was performed on July 14, 2017.
Inclusion and exclusion criteria
To be included in the current meta-analysis, the studies must have fulfilled the following criteria: 1) articles were full-length and written in English; 2) the studies were designed as cohort studies (prospective or retrospective, regardless of the sample size and follow-up duration); 3) an adult population (≥ 18 years of age) was included; 4) schizophrenia was identified as exposure at baseline; 5) the general population without a diagnosis of schizophrenia was used as a control; 6) the incidence of liver cancer on follow-up was documented; and 7) the adjusted standardized incidence ratios (SIRs, at least adjusted for age and gender) and their corresponding 95% confidence intervals (CIs) for liver cancer incidence in schizophrenic patients as compared with controls were reported. The diagnostic criteria of schizophrenia and the confirmation of liver cancer cases were consistent with those applied in the original articles. If studies with overlapping participants were encountered, the reports with a larger sample size were included in the current meta-analysis. Abstracts, letters to the editor, reviews, and studies with designs other than a cohort study were excluded from the current study. Studies reporting liver cancer-related mortality were also excluded because many factors, such as the comorbidities and treatments between patients with schizophrenia and controls, may further confound the results.
Data extraction and quality evaluation
Two independent authors performed the literature search, data extraction, and quality assessment, according to the predefined inclusion criteria. Discrepancies were resolved by consensus. Data regarding the publication information (name of first author, year of publication, and country where the study was performed), patient characteristics (numbers, sources of the study populations), follow-up information (years of follow-up, numbers of liver cancer cases), and other characteristics (e.g., whether cases of cancer incidence before the diagnosis of schizophrenia were excluded) were extracted. The Newcastle-Ottawa Scale [28] was used to evaluate the quality of the included studies. This scale ranges from 1 to 9 stars and judges each study regarding the aspects of selection of the study groups, the comparability of the groups, and the ascertainment of the outcome of interest.
Statistical analyses
Data of SIRs and their corresponding standard errors were calculated from 95% CIs or p values, and were logarithmically transformed to stabilize variance and to normalize the distribution. The Cochrane's Q test [27] and I 2 test [29] were used to evaluate the heterogeneity among the included cohort studies. A significant heterogeneity was considered if I 2 > 50%. A random-effects model was used for the meta-analysis of the SIR data because this model is considered to produce a more generalized result via incorporation of the potential heterogeneity [30] . Subgroup analyses were performed to evaluate whether the gender of the participants significantly affected the association between schizophrenia and liver cancer. Potential publication bias was assessed by funnel plots with the Egger regression asymmetry test [31] . The nonparametric "trim and fill" procedure was also performed to further assess the possible effect of publication bias in our meta-analysis. This method considers the possibility of hypothetical "missing" studies that might exist, imputes their SIRs, and recalculates a pooled SIR that incorporates the hypothetical missing studies as though they actually existed [27] . RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) and STATA software (Version 12.0; Stata Corporation, College Station, TX) were used for the statistical analyses.
RESULTS

Literature search results
The flowchart of the literature search strategy is summarized in Figure 1 . Briefly, 801 articles were identified after the initial database search, and 768 articles were excluded after screening via titles and abstracts, mainly because they were irrelevant to the aim of the study. For the [33] studies that underwent full-text review, [26] were excluded mostly because they did not report the outcomes of liver cancer incidence. Finally, seven studies [19] [20] [21] [22] [23] [24] [25] were included.
Study characteristics and quality evaluation
Overall, seven database-based retrospective cohort studies [19] [20] [21] [22] [23] [24] [25] were included, with 312,834 patients with schizophrenia. The characteristics of the studies are presented in Table 1 . Four of the studies were performed in Europe [19] [20] [21] 23] , while the other three were in Asia [22, 24, 25] . Five studies included hospitalized patients with schizophrenia [20, 21, 23, 25] , while the other two did not specify the source of the patients [22, 24] . The years of follow-up of the included studies varied from 1963 to 2010. A total of 581 cases of liver cancer were recorded during the follow-up period. Five of the studies [20, [22] [23] [24] [25] excluded patients with cancer events before the diagnosis of schizophrenia, while the other two did not [19, 21] . Gender-specified SIRs of liver cancer were available from five cohorts [20, [22] [23] [24] [25] . The qualities of the included studies were generally good, with a Newcastle-Ottawa Scale score between 6 and 8.
Schizophrenia and the incidence of liver cancer in the overall population
The pooled results of the seven cohorts showed that schizophrenia was associated with a trend of a lower liver cancer incidence (SIR: 0.83, 95% CI: 0.66-1.04, p = 0.10; Figure 2A ) with significant heterogeneity (p for Cochrane's Q test < 0.001, I 2 = 81%). Meta-analysis by pooling the results of five cohorts including patients with cancer events before the diagnosis of schizophrenia showed that schizophrenia was associated with a significantly lower incidence of liver cancer (SIR: 0.76, 95% CI: 0.61-0.96, p = 0.02; Figure 2B ) with significant heterogeneity (p for Cochrane's Q test < 0.001, I 2 = 84%). 
Schizophrenia and the incidence of liver cancer stratified by gender
The pooled results of five cohorts [20, [22] [23] [24] [25] , which all excluded patients with cancer events before the diagnosis of schizophrenia, showed that schizophrenia was associated with a significantly higher incidence of liver cancer in male patients (SIR: 0.71, 95% CI: 0.56-0.90, p = 0.005; I 2 = 79%; Figure 3 ), but a nonsignificant trend of a higher incidence of liver cancer in female patients (SIR: 0.83, 95% CI: 0.65-1.05, p = 0.12; I 2 = 63%; Figure 3) . The difference between the two subgroups was not statistically significant (p = 0.38).
Publication bias
The funnel plot for the association between schizophrenia and lung cancer for all participants was asymmetric on visual inspection ( Figure 4A) , and the results of the Egger regression test also indicated a potential publication bias (p = 0.04). After introducing three hypothetical studies by "trim and fill" analysis, the funnel plot became symmetric, and the meta-analysis incorporating the three hypothetical studies showed similar results (SIR: 0.76, 95% CI: 0.64-0.91, p = 0.006; I 2 = 77%; Figure 4B ).
DISCUSSION
In this systematic review and meta-analysis of available cohort studies, we found that patients with schizophrenia were associated with an approximately 20% lowered risk for the incidence of liver cancer as compared with the general population. The reduction of subsequent incidence of liver cancer was significant in male patients with schizophrenia, and a trend of a reduced risk of liver cancer was also detected in female patients. Although the publication bias seems to be significant in this metaanalysis, after inclusion of the imputed unpublished studies with the "trim and fill" method, the pooled results also suggest a significantly lowered incidence of liver cancer in these patients. These findings indicated that, contrary to the conventional supposition, patients with schizophrenia were not associated with a higher risk of liver cancer. Moreover, schizophrenia may be protective against the incidence of liver cancer.
The mechanisms underlying the potential protective effect of schizophrenia against liver cancer are poorly understood. The genetic basis for the potential protective effect of schizophrenia against cancer has been suggested in previous studies showing that the cancer risk in siblings and parents of schizophrenic patients was lower than that of the general population [16] . Genetic polymorphisms of genes involved in the pathogenesis of schizophrenia may also be involved. In a genetic study of schizophrenic Chinese Han patients, XRCC4 gene polymorphisms may be protective against colorectal cancer risk [32] . Similarly, a P53 gene polymorphism was found to be a modifying factor for the susceptibility to lung cancer in patients with schizophrenia 33. Moreover, epigenetic mechanisms also have been suggested to be involved [34, 35] . Studies regarding the genetic association between schizophrenia and liver cancer are rarely reported. However, a previously published genomic study may provide some clues for understanding the association. Using a schizophreniahepatocellular carcinoma network, the authors found that some schizophrenia candidate genes (SIRPB1, SYK, and LCK) and genes mediating the immune responses in the etiology mechanism of schizophrenia (IL-2 and TREM-1/DAP12) may also function as tumor-suppressor genes [36] . The results of this study indicate a direct genetic association between schizophrenia and a reduced risk of liver cancer. More studies are needed to elucidate the accurate mechanisms underlying the potential protective effect of schizophrenia against liver cancer.
The results of our study may have important implications for future studies. First, a lower incidence of liver cancer in patients with schizophrenia was confirmed in our study despite the fact that these patients had a higher prevalence of conventional risk factors for liver cancer, such as alcohol consumption and hepatitis B or C. These findings suggest that the high prevalence of the above risk factors may confound the potential association between schizophrenia and liver cancer risk, which should be confirmed in large cohort studies with the adequate adjustment for the alcohol drinking habits and hepatitis B or C prevalence. Moreover, the results of our study highlight the previous paradox of a lower cancer incidence but higher cancer mortality in patients with schizophrenia. In view of the fact that patients with schizophrenia have been found to have poor accessibility to healthcare facilities, these results underline the importance for the improvement of early cancer screening and prevention in these patients [37] , which may substantially improve the clinical prognosis of these patients.
Our study has some limitations that should be considered when interpreting the results. First, as mentioned previously, conventional risk factors such as the prevalence of alcohol consumption and the incidence of hepatitis B or C were not adjusted in the included studies when presenting the results. Whether these factors confound the results deserves further investigation. Moreover, many other clinical characteristics of the participants that may also affect the risk of liver cancer, such as the body mass index, occupational information, and dietary habits, were also not controlled in the included studies, which may also confound the association between schizophrenia and liver cancer incidence. In addition, significant heterogeneity was detected, which may be caused by differences of other factors besides the above confounding factors, such as differences of diagnostic criteria for schizophrenia and liver cancer, different medications administered for schizophrenia, and different strategies used to confirm the liver cancer cases. Finally, although we used "trim and fill" analysis to include hypothetical studies, a significant publication bias remained. The results of our meta-analysis should be confirmed in large cohort studies.
CONCLUSIONS
The current evidence suggests that the diagnosis of schizophrenia at baseline may be protective for the subsequent risk of liver cancer incidence. Future cohort studies with a large sample size and well-controlled confounding factors are needed to confirm our findings.
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